We have developed a simple method, designated as Gene Specific-Primer Extension Preamplification (GS-PEP), to increase the copy number of genomic DNA fragments for a gene of interest prior to PCR amplification. In this method, multiple cycles of primer-extension reaction are undertaken in a single tube using a mixture of primers derived from a defined strand of DNA sequences covering a gene. After 50 cycles of GS-PEP against 21 pg of genomic DNA, which corresponds to approximately 3 copies of diploid human genome DNA, with a mixture of 6 primers for the p53 gene locus, all the 10 coding exons of the p53 gene were readily amplifiable by standard PCR at rates of 100%. In contrast, direct PCR against 21 pg of genomic DNA was estimated to allow the amplification of only 3 exons. This procedure also enhanced the rate of amplification by PCR using genomic DNA extracted from formalin-fixed and paraffin-embedded tissues. Thus, GS-PEP would allow mutation analyses of various genes in cancer cells using small amounts and/or low qualities of DNA.
Introduction.
To obtain molecular information of cancer cells accurately, it is very important to isolate and analyze a homogeneous cell population. Furthermore, for the analysis of cancer cell heterogeneity, it is indispensable to isolate a pure cell population with some defined phenotypes. For this purpose, laser captured microdissection (LCM) techniques have been introduced to dissect a single or few cancer cells without non-cancerous cell contamination. ' Furthermore, several whole genome amplification methods have been combined with a LCM technique for DNA analysis in a single or few cells,2~'3~ since the amounts of DNA obtained by LCM are usually very small. In particular, primer-extension-preamplification (PEP) using a mixture of 15-base random oligonucleotides has been shown to be a reliable method to amplify the whole genome sequence efficiently from samples with small amounts of DNA.2~'4)'S~ We applied the method of PEP to increase the copy number of a defined gene specifically and efficiently from samples with small amounts of DNA. Since gene-specif-*) Biology Division , National Cancer Center Research Institute, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045, Japan. **) Gunma Cancer Center , 617-1, Takabayashi Nishi-cho, Ota, Gunma 373-8550, Japan. D Correspondence to: J . Yokota.
is primers were designed to amplify specific DNA sequences from genomic DNA, we designated this method GS-PEP (Gene Specific-Primer Extension Preamplification). Here we attempted to amplify genomic fragments covering the p53 locus by the GS-PEP method, since the p53 gene is frequently mutated in a wide variety of human cancers,6~ and thus, it is very important to assess the status of the p53 gene to understand phenotypic characteristics of cancer cells. This method allowed the amplification of all the coding exons for the p53 gene from 21 pg of genomic DNA, corresponding to DNA from 3 human diploid cells, in more than 90% of amplification rates. Furthermore, by using this method, amplification rates of each exon using genomic DNA extracted from formalinfixed and paraffin-embedded tissues were greatly improved. The results indicated that GS-PEP is applicable to mutation analyses of various genes in cancer cells using small amounts of DNA. Materials and methods. Samples. Genomic DNA from a human lung cancer cell line, NCI-H157, was used in this study.7~ Genomic DNA extracted from formalin-fixed and paraffin-embedded tissues were also used.8~
Primer extension preamplfication (PEP) for the p53 locus. The anti-sense strand DNA fragments for the p53 locus were selectively amplified by 50 cycles of primer extension reaction using a mixture of six primers, which were derived from the anti-sense strand DNA sequence for the p53 locus. The primers used are as follows: p53-PEP4 (5'-GAGGAATCCCAAAGTTC-CAA-3'), p53-PEP6 (5'-AAGCCCCCCTACTGCTCAC-3'), p53-PEP7
(5'-CCGGAATGTGATGAGAGGT-3'), p53-PEP9 (5'-CCCCAATTGCAGGTAAAACA-3'), p53-PEP10 (5'-GAAGGCAGGATGAGAATGGA-3'), and p53-PEP11 (5'-CAAGGGTTCAAAGACCCAAA-3'). The locations of these 6 primers were indicated in Fig. 1 PCR. PCR was performed using 1.0 pl of the reaction mixture or genomic DNA solution in a final volume of 20 pl solutions containing 10 mM Tris-HC1(pH 8.3), 50 mM KC1,1.5 mM MgCl2, 800 nM of each primer, 160 pM of each deoxynucleotide triphosphate, and 0.5 units of Taq DNA polymerase (Applied Biosystems, New Jersey, U.S.A.). PCR conditions were as follows: an initial incubation of 95 °C for 10 min, followed by 45 cycles of 95 °C for 20 sec, 58 °C for 30 sec and 72 °C for 30 sec, with a final elongation for 10 min at 72 °C. The primers used are p53ex2-F (5'-TTGGAAGTGTCTCATGCTGG-3') and p53ex2-R (5'-GTGGTGGCCTGCCCTTCC-3') for exon 2, p53ex3-F (5'-CCCCTAGCAGAGACCTGTG-3') and p53ex3-R (5'-CCCTCCAGGTCCCCAGC-3') for exon 3, p53ex4-F (5'-GAGGACCTGGTCCTCTGAC-3') and p53ex4-R (5'-CCAGGCATTGAAGTCTCTCATG-3') for exon 4, p53ex5-F (5'-ACTTGTGCCCTGACTTTCAAC-3') and p53ex5-R (5'-CAACCAGCCCTGTCGTCTC-3') for exon 5, p53ex6-F (5'-ACGACAGGGCTGGTTGCC-3') and p53ex6-R (5'-CACTGACAACCACCCTTAAC-3') for exon 6, p53ex7-F (5'-GCGCACTGGCCTCATCTTG-3') and p53ex7-R (5'-GCCAGTGTGCAGGGTGGC-3') for exon 7, p53ex8-F (5'-GGTAGGACCTGATTTCCTTAC-3') and p53ex8-R (5'-TCTCCTCCACCGCTTCTTG-3') for exon 8, p53ex9-F (5'-GTGCAGTTATGCCTCAGATTC-3') and p53ex9-R (5'-AAACTTTCCACTTGATAAGAGG-3') for exon 9, p53ex10-F (5'-ATCTTTTAACTCAGGTACT-GTG-3') and p53ex10-R (5'-GAGTAGGGCCAGGAAGGG-3') for exon 10, p53ex11-F (5'-ACCCTCTCACTCATGT-GATG-3') and p53ex11-R (5'-GATGGGGGTGGGAG-GCTG-3') for exon 11. For the amplification of exon 4 from genomic DNA extracted from formalin-fixed and paraffin-embedded tissues, the exon 4 sequence was amplified as two different DNA fragments, exon 4a and exon 4b, by using two different primer sets, p53ex4-F and p5dex4a-R (5'-AGGGGCCGCCGGTGTAG-3') for exon 4a and p5dex4b-F (5'-GCCCCTGCACCAGCAGC-3') and p53ex4-R for exon 4b, respectively. PCR products were fractionated on a 3% agarose gel and stained with ethidium bromide.
Results and discussion. The procedure of GS-PEP targeted for the p53 locus was illustrated in Fig. 1 . The p53 gene consists of a 5'-noncoding exon, exon 1, and 10 coding exons, exons 2-11.6) Six primers derived from the anti-sense strand DNA sequence of the p53 locus were designed to selectively amplify 6 independent single-stranded DNA fragments with the anti-sense strand DNA sequence containing exons 2-11. Fifty cycles of GS-PEP in a single reaction tube using a mixture of the six primers were predicted to produce -50 copies of 6 single-stranded DNA fragments. Aliquots of the GS-PEP solution were next subjected to PCR using exon-specific primers, which amplify each exon individually.
First, 7 (2 pl) and 35 (10 pl) pg of genomic DNA obtained from a human lung cancer cell line, H157, were subjected to 50 cycles of GS-PEP using a mixture of the six primers described above in a volume of 60 p1, respectively, to roughly estimate the appropriate concentration of template DNA used for GS-PEP. Seven pg of genomic DNA correspond to DNA isolated from a single cell. Ten pl of each GS-PEP reaction solution was subjected to agarose gel electrophoresis and the gel was stained with ethidium bromide. No DNA products were detected in the gel, thus, it was indicated that the use of multiple primers in this primer extension reaction did not produce a DNA fragment(s) due to arbitrarily primed-PCR.9~ Sixty pl of each reaction solution was divided into `~1) alirnintc of 1 iii ant wa¢ ciihientprl to PCP of t5 ovo1Pc using a primer set to amplify a 224-bp fragment for p53 exon 8. The p53 exon 8 fragment was amplified from 15 (50%) and 26 (87%) of the 30 aliquots for 7 and 35 pg DNA, respectively (Table I, Experiment #1). Thus, it was suggested that, by GS-PEP, 35 pg DNA in the reaction mixture of 60 pl was enough to amplify the DNA fragment at the rate of approximately 90%.
The next experiment was designed to examine whether or not GS-PEP enables us the amplification at similar rates from a fewer amounts of DNA. GS-PEP was performed in reduced volumes of the reaction mixture containing the same concentration of template DNA. Seven (2 pl), 14 (4 pl), 21 (6 p1), and 35 (10 pl) pg of genomic DNA were subjected to 50 cycles of GS-PEP using a mixture of the six primers in a volume of 12, 24, 36 and 60 pl, respectively. Ten pl of each reaction solution was divided into 10 aliquots of 1 pi, and was further subjected to PCR of 45 cycles using a primer set to amplify a 224-bp fragment for p53 exon 8 (Fig. 2A) . The p53 exon 8 fragment was amplified from all the aliquots for 21 and 35 pg DNA, while it was amplified from 5 and 8 of the 10 aliquots for 7 and 14 pg DNA, respectively. We performed the same experiment two more times, and found that this method enabled us to amplify the p53 exon 8 fragment at the rate of > 90% from 21 and 35 pg DNA (Table I , Experiment #2). This fragment was amplified at the rate of > 60% but < 90% when 7 or 14 pg DNA was used as a template. Aliquoting of 7 or 14 pg DNA could have led to missing of DNA molecules encoding p53 exon 8. These results indicated that DNA from 3 cells (21 pg) would be enough to amplify exon 8 of the p53 gene by using the GS-PEP method. In contrast, the amplification rate of the p53 exon 8 fragment by PCR without GS-PEP was 67% when 3.5 pg DNA was used as a template for each PCR reaction (i. e., 35 pg DNA for 10 reactions), and was <_30% by using 0.7 to 2.1 pg DNA (i. e., 7 to 21 pg DNA for 10 reactions) ( Fig. 2A , Tablo T5 [Vol. 78(B),
We next examined whether or not the GS-PEP method allows us to amplify all the 10 coding exons of the p53 gene from 21 pg of genomic DNA. One pl out of the 36 pl PEP reaction solution was subjected to PCR of 45 cycles using 10 different primer sets to amplify genomic DNA fragments for p53 exons 2 to 11, respectively, in triplicate. All the exons were amplified as single DNA fragments, respectively. It was found that all the 10 exons were amplified in all the three reactions (100%) (Fig. 2B) . Thus, by GS-PEP PCR, all of 10 different genomic DNA fragments were successfully amplified from a total of 21 pg DNA. On the other hand, standard PCR of 45 cycles using 2.1 pg DNA as a template in each reaction allowed the amplification of defined PCR products at a maximum rate of two out of three reactions (0 to 66 %) (Fig. 2B) . Since the standard PCR allowed the amplification of only one DNA fragment in 30% (9 of 30 reactions) of frequency by using 2.1 pg DNA, 21 pg DNA was estimated to allow the amplification of 3 DNA fragments. This result implies that approximately 70 pg DNA is necessary to amplify all 10 different DNA fragments by standard PCR, whereas 21 pg DNA is enough to by GS-PEP PCR.
We next applied the GS-PEP method for the amplification of p53 exons using genomic DNA extracted from formalin-fixed and paraffin-embedded tissues. Concentration of DNA for these samples was estimated as being 20 to 80 ng/pl. Ten pl of genomic DNA solutions from 5 different tissue sections, respectively, were subjected to 50 cycles of GS-PEP using a mixture of the six primers described above in a volume of 60 pl. Then one pl of the PEP reaction mixture was subjected to PCR of 45 cycles using 11 different primer sets to amplify genomic DNA fragments for exons 2 to 1 1 of the p53 gene, respectively, in triplicate. One pl of the genomic DNA solutions obtained from these 5 tissue sections, respectively, was also subjected directly to the standard PCR of 45 cycles using 11 primer sets to amplify DNA fragments for exons 2 to 11 of the p53 gene, respectively, in triplicate. Since the length of DNA fragments for exon 4 could be too long to be amplified by using genomic DNA extracted from formalin-fixed and paraffin-embedded tissues, the exon 4 sequence was amplified as two different DNA fragments, exon 4a and exon 4b, by using two different primer sets. As summarized in Table II , the amplification rates for several exons were increased by using the GS-PEP method in particular in samples #22 and #18, while such an increase was not evident in the remaining three samples, #25, #9 and #21. Differences in the effect of GS-PEP to enhance the amplification rate of PCR could be due to the differences in qualities and/or quantities of DNA used for the PEP reaction. However, as a whole, amplification rates were increased in 20 of 55 reactions and decreased in only 4 of 55 reactions. Thus, it was obvious that GS-PEP is a method to enhance the amplification rate of PCR using DNA from formalin-fixed and paraffin-embedded tissues. The purpose of this study was to establish a simple method to perform mutation analyses of defined genes using a small amount of genomic DNA in a single-round 
